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Abstract : Thiohalides of structure SbSX where X is Cl or Br can be treated as a bent 
XYZ type molecule belonging to Cs symmetry The molecules have 3 a' modes of vibration with 
all of them being infrared and Raman active A complete vibrational assignment of the Raman 
spectra of SbSCl and SbSBr were made The force constants, vibrational mean square amplitudes 
and vibrational mean amplitudes for the two molecules are presented for the first time
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1. Introduction
There are tw elve com pounds o f  m etal thiohalides with structure ABX where A  is Sb 
or Bi, B is S or Se and X is C l, Br, or I. All o f these com pounds have been prepared 
and except B iSeC l all the com pounds are isostructural. The preparation  of these 
compounds is described by D onges [1,2]. The structure of SbSBr [3] consists of pleated 
chains o f  Sb and S atom s betw een w hich lie B r-  ions as show n in Figure 1. An 
arrangement o f  this type is found in a num ber o f oxides M 2Q 3 and sulphides M 2S 3 and 
is closely related to the chain in S b ^ .  Each Sb atom has one S atom at 2.49 A and two 
S atoms at 2.67 A. Each S atom  is sim ilarly bonded to three Sb atoms. The bond angles 
around Sb are 84.1 and 96.3 [4]. The nearest neighbours o f B r-  1 0 ns are two Sb atoms 
at 2.94 A  and one S atom at 3.46 A. The structure o f SbSX where X is Cl or Br is treated 
as XYZ type belonging to Cs sym m etry and show n in Figure 2 . The three fundamental 
rnodes of vibration are the S b -S  stretching, S b -X  stretching and the S -S b -X  bending 
ail belonging to a' species.
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Figure 2. Geometrical configuration of the XYZ 
type of molecule.
2. Experimental
The R am an spectra o f  SbSCl and SbSB r recorded in the range 1300-50 c m -1 is presented in 
F igu res 3 and 4 respective ly . The sam pling  techn ique w as K Br pelle t. T he probable 
assignm ents for SbSCl is in Table 1 and that o f  SbSBr in Table 2.
3. Result and discussion
3.1. A s s ig n m e n ts :
T he com ple te  v ibrational assignm ent o f  the three fundam entals, their potential energy 
d istrib u tio n  (P .E .D .) and overtone/com bination  fo r SbSC l and SbS B r is presented in 
T ab le  1 and T ab le  2 respectively . T he S b -S  stre tch ing  frequency (Vi) is assigned to 
710  c m -* for SbSB r and to 719 c m -1  foi SbSC l both having a P .E .D . o f 100 percent
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In SbCl3 and SbB r3  [5,6], the Sb -C l stretching is assigned to a frequency at 376 cm -4 and 
Sb-Br stretching to 2 4 8 -222  cm -1. In SbSBr, the v2 stretching frequency corresponding to 
Sb-Br is assigned to 225 cm " 1 and in SbSCl, it is assigned to 319 cm -* each having a P.E.D.
Figure 3. Raman spectrum of antimony sulfochlonde
of 100 percent. In SbSBr, the v 3 frequency is at 148 cm - 1  with P.E.D. 93% and 219 cm -4 in 
SbSCl with P.E.D. 98%. In the Ram an spectrum  of SbSBr, the absorption at 186 cm ^  is a 
bending fundamental m ode due to the conformation of the molecule. In the crystal structure 
of SbSBr [4], there are tw o bond angles around Sb atom indicating a change in structure or 
conformation o f  the m olecule. Such conform ational behaviour is exhibited in the structure 
of disulfur halides (S 2 X 2 ) viz. d isulfur chloride and disulfur bromide [7,8] and in alkyl 
monohalides belonging to Q  point group of symmetry which have two CCX deformation 
fundamentals. In the Ram an spectrum  o f S 2 Br2, there are two fundamentals corresponding 
1 0  the angle o f  deform ation  SSB r at 170 c n r 1 and 199 cm -1 occur* ing w ith high 
intensity [7] w hich accounts for the high intensity bending fundam entals seen in the 
sPcctrum of SbSBr. The low frequency absorption o f  high intensity at about 75 cm -1 in
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th e  specturm  o f SbS B r can be assigned to the torsional v ibration o f  the molecule 
This assignm ent agrees with the assignment in J^Brj where the torsional mode is placed at
Figure 4. Raman spectrum of antimony sulfobromide
70 c m -1 and in S 2 C I2  at 102 cm -1 occurring with high intensity com parable with the 
sym m etric bending deform ation vibration [8].
Table 1. Vibrational assignment of antimony sulfochlonde.
Frequency (cm 1) Assignment
1120
719
481
419
319
219
FR -  Feimi resonance
2 x 719 -  319 (FR) 
Sb-S stretching ( V\) 
719-219 
719-319
Sb-Cl stretching (vj) 
S-Sb-G bending (
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Table 2. Vibrational assignment of antimony sulfobromide
Frequency (cm" ) Assignment
1088 710 + 225+148
710 Sb-S stretching ( Vj)
606 2 x 2 2 5 +  148 (FR)
465 710-225
385 225+148
225 Sb-Br stretching ( y^ )
186 S-Sb-Br bending
148 S-Sb-Br bending ( v3)
75 Torsion
FR -  Fermi resonance
In the Raman spectrum  of SbSBr and SbSCl, no overtone band is present but a 
combination of overtone with the fundamental is seen and having higher intensity than the 
stretching fundamental vibration. The 1120 cm A band in SbSCl and the 606 cm -1 band in 
SbSBr are suspected to be Fermi resonance (FR) type interactions. The 1120 cm A band in 
SbSCl shows a fine split in its peak position while the 606 cm"1 band in SbSBr occurs close 
to the stretching fundam ental frequency (Vj). The other rem aining bands were a 
combination of the fundamentals.
3 2 Molecular constants :
Many molecules of the type XYZ belonging to C\ symmetry has been investigated by 
previous workers [9-14], The force constants for the molecules were calculated by solving 
Wilson's secular equation [15J using the kinetic constant method. M olecular kinetic 
constants arc the vibrational inertia coefficients involved in Wilson's expressions for the 
kinetic energy relating to m olecular vibrations given by IT  = S'G~l S, where G~* = K. 
The elements of the matrix K are the kinetic constants. The symmetric kinetic constants are 
related to the symmetric force constants through the expression
F•i
( i < j )
The force constants calculated for SbSCl and SbSBr is summarised in Table 3. The 
Sb-Br force constant is 1.424 and is in good agreement with the force constant of trihalides 
SbBr, where it is 1,5 1 mdyne/A [16] and is usually in the range 1.34 -  1.69 mdyne/A [5]. 
In SbSCl the Sb-C l force constant is 1.63 and is around 2.0 in SbC l3 [6], Venkateswarlu 
(17] has calculated the Sb-C l force constant in SbCl3 to be 1.78. The Sb-S stretching force 
constant is 7.53 in SbSBr and 7.68 in SbSCl. All the interaction constants are within range. 
Using the symmetrized vibrational mean square amplitudes, X-matrix E = LAL where L
ls ihe transformation matrix from normal co-ordinates to symmetry co-ordinates and 
h
A = — -------cothfhcvJlkT). The bonded valence vibrational mean square amplitudes
87Tzcv; '
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for SbSC l and SbSB r is given in T able 4. The vibrational m ean am plitudes both bonded 
and non-bonded for the two m olecules were calculated.
Tabic 3. Force constants in SbSBr and SbSCl (10“^  N/m).
Force constant SbSBr SbSCl
fD 7.526 7.676
fn 1.424 1.630
fa 0 216 0.371
fD R 0.022 0 034
fD a 0 018 0 038
fRa 0.052 0 045
Table 4. Vibrational mean square amplitudes (10 3 
(10-2 A°lof SbSBr and SbSCl.
A02) and mean amplitudes
Mean square amplitudes SbSBr SbSCl
° D 1 0882 1.0745
OR 3.1900 3.0467
° a 0.3109 0.2202
° D R -0.0237 -0.0234
°D a -0.0274 -0 0295 9
OR a -0 1703 -0 0947
Mean amplitudes
V X Y 5 6483 5.5197
U YZ 3.2987 3.2779
V<x Z) 10.0140 8.9534
4. Conclusion
T here is lim ited literature  on structure and spectroscopic details o f  m etal thiohalides of 
type A B X  w here A is Sb or Bi, B is S or Se and X is Cl, B r or I. A  com plete  vibrational 
assig n m en t o f the R am an sp ec tra  for SbSC l and SbS B r has been  done assuming 
Cs sym m etry point group. The correctness o f  the assignm ent was checked by calculating the
P.E .D . using the force constants fo r the frequencies assigned. A  com plete set o f potential 
force constants for the tw o m olecules is presented. The m ean square am plitudes and mean 
am plitudes o f  v ibration  for the tw o m olecules w ere evaluated  and their values are within 
acceptable range.
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